Abstract. Radio occultation remote sensing of the Earth's atmosphere consists of satelliteto-satellite observations of phase and amplitude of radio waves that propagate through the atmosphere. The observed excess phase along with the positions and velocities of the satellites are inverted into bending angle as a function of impact parameter and then into vertical profiles of refractivity, pressure, and temperature in the neutral atmosphere, or into electron density in the ionosphere. The retrieved profiles are assigned to the perigee points of the sounding rays. Amplitude data are normally not used, except when solving diffraction back propagation problems. In this paper a simple method to utilize amplitude radio occultation data is discussed. Equations based on geometric optics are considered for the inversion of an amplitude into bending angle. These inversions do not require high coherence of radio waves or precise orbit determination, as with phase inversions, but they do require precise calibration of the amplitude. Even though amplitude inversions are not so precise as phase inversions, they may still be useful for a number of applications. When compared to phase inversions they allow the optimization of the filter bandwidth for phase inversions, the detection of multipath propagation, and the localization of electron density irregularities in the ionosphere. These applications are demonstrated by processing of the Global Positioning System / Meteorology (GPS/MET) radio-occultation data collected onboard the satellite Microlab-1.
0048-6604/00/1999RS002203511.00 amplitude can be used independently to solve the inverse problem, i.e., to calculate bending angles, and this is the subject of this paper (we do not treat the case when amplitude is used simultaneously with phase for back propagation of electromagnetic field [Karayel and Hinson, 1997; Gorbunov and Gurvich, 1998; Mortensen and Hoeg, 1998 ]).
In the optical domain, amplitude effects had been used to study the structure of planetary atmospheres by stellar occultation spikes [Young, 1976; Elliot and Veverka, 1976 number of factors, including stability of the transmitter power, attitude of the transmitting and receiving antennas, stability of the receiver gain, and local multipath, all of which are normally controlled less precisely. This lack of control limits the precision of amplitude inversions and explains why the phase inversions are routinely used for the reconstruction of precise refractivity profiles. However, concurrent amplitude and phase inversions may be useful for a number of purposes, which are briefly discussed below and, in more details, in section 2 of this paper. Calculation of bending from excess phase includes differentiation of the observational data, and thus it results in amplification of the high-frequency noise. Calculation of bending from amplitude includes integration of the observational data, thus resulting in suppression of the high-frequency noise. As to the low-frequency observational noise (trend, bias), the situation is, naturally, opposite. High-frequency noise should be filtered on input to the phase inversion; otherwise it may cause bias on output due to nonlinearity of the inversion. The inversion of amplitude already includes high-frequency noise filtering due to the integration. Thus it is possible to adjust the bandwidth of the phase noise filter by comparing reconstructed bending angle profiles after both inversions and by requiring, as far as possible, an agreement in magnitude between their small-scale correlative variations.
Both phase and amplitude inversions use the assumption of single-path propagation of radio waves. If this assumption is not true, then the small-scale variations of refractivity, reconstructed from phase and from amplitude, may not correlate, which is an indicator of multipath propagation. This happens often in the lower troposphere, especially in the tropics, because of large gradients of refractivity which are caused by the complicated structure of humidity.
Inversions of radio occultation data normally use the assumption of the spherical symmetry of refractivity around the perigees of rays. Sometimes smallscale variations of refractivity reconstructed by phase and amplitude inversions correlate in shape but differ in magnitude. This indicates that the assumption of spherical symmetry is not applicable for the refractivity inhomogeneities causing those variations. In this case it is possible to perform amplitude and phase inversions in the approximation of a thin phase screen model. If it is possible to adjust the position of the phase screen to minimize the difference of the magnitudes of the correlative variations of bending angles reconstructed from both inversions, then that position coarsely indicates the location of the inhomogeneities of refractivity in the atmosphere causing those variations. This technique may be useful for monitoring the ionosphere: in particular, for distinguishing between the sporadic E layer and irregularities of electron density located far away from the E layer along the line of sight whose perigee is close to the E layer. 
Refraction Effects on Amplitude

Spherically Symmetric Model of Refractivity
The assumption of spherically symmetric refractivity is normally applied for inversions of phase radio occultation data for the neutral atmosphere. A layout of rays between the transmitter and receiver is shown in Figure 1 
where a is an impact parameter of a ray. By varying 
where L --v/r12 h-r22 -2rlr2 COS 0 and L1,2 rl,2 COS tPl, 2-When L1 • L2, (6) simplifies into
Since in the Earth's atmosphere dc•/da < 0 (on average), then K < I (on average). However, the small-scale variations of vertical refractivity profile often result in dc•/da > 0, thus causing spikes K > 1, which may be rather big especially in the troposphere. It may happen that the denominator in (6) and (7) is zero, i.e., K = oa. This means that a receiver is in the local focus, or caustic, where (6) and (7), obtained by means of geometric optics, are not applicable, and diffractional technique should be applied instead. We will use (6) and (7) for solving the direct and inverse problems while assuming single-path propagation.
Equations (6) and (7) which is similar to (7). To solve the inverse problem given K as a function of Zl and l, we at first reconstruct z0(zl) by integrating (11)
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